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Abstract 
Multi-unit air conditioners (MUACs) keep fast increasing for its high efficiency and thermal comfort. A novel 
method, performance chart, is presented for the performance analysis of MUACs. The performance chart is generated 
by superimposing the performance of indoor units and outdoor unit, which can be obtained by simulations and/or 
experiments. The performance chart is validated by the experiments and detailed simulation models. Based on the 
performance chart, the performance of MUACs is analyzed at conditions of variable indoor temperatures. The 
performance chart can give the reasonable and quantitative trends of MUAC’s performance and guide the system 
design, indicating that it can be used as an effective and convenient tool for performance analysis and system 
optimization of MUACs. 
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IDU       Indoor Unit 
MUAC  Multi-Unit Air Conditioner 
ODU     Outdoor Unit 
SUAC   Single-Unit Air Conditioner 
VRF      Variable Refrigerant Flow system 
Symbols 
f Compressor speed (Hz) 
Ga Air volume (m3/h) 
Qe Cooling capacity (kW) 
Ta Air temperature (oC) 
Ta,A Air temperature of IDU A (oC) 
Ta,B Air temperature of IDU B (oC) 
Ta,C Air temperature of IDU C (oC) 
Ta,i Indoor air temperature (oC) 
Ta,o Outdoor air temperature (oC) 
Te Saturation temperature according to the pressure of the evaporator outlet or the compressor inlet 
(oC) 
Tsc Subcooling degree (oC) 
Tsh Superheating degree (oC) 
1. Introduction 
Multi-unit air conditioners (MUACs) system, also named as variable refrigerant flow (VRF) system, 
incorporates many advanced technologies in refrigeration and air conditioning with the significant 
improvement in energy-saving and indoor comfort [1-6]. Currently, MUAC has become one of the most 
widely used central air conditioning systems in commercial and residential buildings with the on-going 
rapid development. Many researches have been conducted on MUAC for performance analysis [7-9], 
seasonal feasibility [10-12] and optimal control [13-15] with simulation and experiments. Compared to 
traditional single-unit air conditioner (SUAC), the system configuration and the influence among 
parameters and components become more complex, which results in the difficulty and complexity of the 
simulation model and experimental test benches [16-18]. Therefore, it is still a lack of the performance 
describing method for such complex systems since the incomplete theoretical understanding of the 
coupling characteristics among various components and their external environments [16, 17]. 
Performance chart of Refrigeration cycle can be used to explore the effect of the disturbance variation and 
adjustment factors on system performance visually based on the overall relationship between cooling 
systems. It has been widely used in air conditioners with only one outdoor unit (ODU) and one indoor unit 
(IDU). In this study, the performance chart of MUAC is achieved according to simulation and 
experimental results, to analyze the steady-state coupling characteristics among multiple parameters. 
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2. Generating Performance Chart 
MUAC consists of several IDUs and at least one ODU. Simulation method has been widely used, since 
the traditional experimental method is difficult to perform comprehensive in-depth analysis of MUACs 
due to numbers of influence factors and strong coupling properties [16, 17]. Therefore, the complex 
MUAC system can be treated as the combination of a series of IDUs and ODUs. The performance of each 
IDU and ODU can be easily obtained by the current simulation models and experimental data, which can 
be described in the performance charts, as shown in Fig. 1 and Fig. 2. 
 
Fig. 1 Performance chart of IDU (Tsc=5oC, and Tsh=5oC) 
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Fig. 2 Performance chart of ODU (Tsc=5oC, and Tsh=5oC) 
When the performance charts of IDU and ODU are obtained at the same conditions (i.e. Tsc=5oC, 
Tsh=5oC), the performance chart of the SUAC can be generated by combining the performance charts of 
the IDU and ODU, as shown in Fig. 3.  
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Fig. 3 Performance chart of SUAC (Tsc=5oC, and Tsh=5oC) 
Similarly, we can describe the performance of each IDU and ODU of MUAC with performance chart, 
all of which could be composed into the performance charts of IDUs and ODUs. Furthermore, the 
performance chart of MUAC can be obtained with the superimposition of those of IDUs and ODUs as 
shown in Fig. 4. The differences of cooling capacities at 30 conditions are within ±3.0% compared with 
those by the detailed simulation model and experimental data [16-18]. 
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Fig. 4 Performance chart of MUAC (Tsc=5oC, and Tsh=5oC) 
3. Performance Chary Analysis  
The coupling operation performance of the MUAC depends not only on the adjusting features of the 
system (such as air volume, ambient temperature, compressor speed, etc.), but also on the matching 
characteristics (such as the number and capacity of the IDU, the loss caused from the connection pipes, 
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etc.). MUAC is composed of one or more ODUs in the same working conditions with many IDUs 
working at the same or different ambient temperature and capacity coupled by connecting pipes. 
Therefore, changing any factor may influence the performance of the system by the transmission of the 
refrigerant pressure wave. A simple MUAC including one inverter ODU and three IDUs is employed in 
this study. From the aspects of indoor temperature, indoor air volume and capacity, the coupling 
operation characteristics of the MUAC system are investigated using the performance chart. 
Assuming that the pressure loss from the connection pipe between IDU and ODU can be neglected, 
when the IDUs with the same capacity work in the rooms with different ambient temperatures but the 
same air volume of 600 m3/h, the performance charts of the IDU and the whole system can be obtained, 
as shown in Fig. 5. In Fig. 5(a), curves A, B, and C represent IDU works under the temperature of 22oC, 
26oC and 30oC, respectively. Curve A+B means the coupling performance of the IDU A and B, while 
curve A+B+C is the coupling performance of the three IDUs. In Fig. 5(b), curves 3A and 3C refer to the 
coupling performance of the three IDUs working at the indoor temperature of 22oC and 30oC, 
respectively. When the ODU operates at the compressor speed of 80Hz and the outdoor temperature of 
35oC, the performance of the ODU (mainly including inverter compressor and condenser) can be attained, 
as shown in Fig. 5(b), curve a. The crossing point “1” shown in Fig. 5(b) of the curve c and 3C indicates 
the working status of the whole system, while point “1C” represents the working status of each IDU. 
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Fig. 5 Performance chart of MUAC with different IDU air temperature (Tsc=5oC, and Tsh=5oC)  
When the indoor temperatures of IDU A and IDU B change from 30oC to 22oC and 26oC, the 
corresponding performance changes from curve C to curve A and B, respectively. In addition, the overall 
performance of the IDUs changes from curve 3C to curve A+B+C. Under the same outdoor temperature 
and compressor speed, the working status of the whole system changes from point “1” to point “2”, and 
that of the three IDUs changes from point “1C” to point “2A”, “2B”, and “2C”, respectively. 
When the indoor temperatures of IDU B and IDU C both drop to 22oC, their performances change 
from curves B and C to curve A, while the whole performance of the IDUs changes from curve A+B+C 
to curve 3A. With the outdoor temperature and compressor speed unchanged, the working status of the 
system changes from point “2” to point “3”, while that of the three IDUs changes from “2A”, “2B”, and 
“2C” to point “3A”. 
When keeping the indoor air volume and outdoor operating parameters constant, it can be observed 
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that: 
1) When the superheating degree of the evaporator controlled by the IDU electronic expansion valve is 
constant, the cooling capacity of that IDU is determined by the indoor air temperature, the higher the 
indoor air temperature the greater the cooling capacity. 
2) Changing the indoor temperature of any IDU may lead to the working status of the other IDUs and 
the entire system change. When the indoor temperature of any IDU is lowered, the evaporation 
temperature and the cooling capacity of the system will decrease, and its own cooling capacity will drop 
as well, but the cooling capacity of the other IDUs will increase slightly. 
3) At higher indoor temperature but lower speed of the compressor, the evaporation temperature of the 
system will be a little higher (in Fig. 5(b), the intersection of curve 3C and curve c). In this case, the 
evaporation temperature of the system can be reduced by increasing the compressor speed (such as point 
“1” in Fig. 5(b)). When all the indoor temperatures are decreased, the evaporation temperature of the 
system will drop accordingly (in Fig. 5(b), point “3”). In this case, we can increase the evaporation 
temperature of the system by decreasing the compressor speed (in Fig. 5(b), the intersection of curve 3A 
and curve b). 
4) Larger operating ambient temperature difference between two IDUs may lead to worse system 
performance. When one IDU is the fresh air handing unit (FAHU), and the outdoor temperature is higher 
than the indoor temperature for about 10oC in summer, for the MUAC system designed for IDU customer 
(e.g. the evaporation inlet temperature is 27oC and the relative humidity is 50%), the high ambient 
temperature of the FAHU may cause the increase of the evaporation temperature, therefore the 
dehumidification content of the IDU is reduced; however, for the MUAC designed according to the 
FAHU (e.g. the evaporation inlet temperature is 35oC and the relative humidity is 50%), the IDU under 
lower ambient temperature may result in the evaporation temperature of the system decrease greatly, 
accordingly, the energy efficiency ratio of the MUAC is also reduced. In summary, the evaporators 
working under significant different ambient temperatures are not suitable for operating parallel in the 
same cooling system, in other words, the direct expansion FAHU is not appropriate to install in the 
MUAC system. 
From the above, the performance of MUAC can be illustrated in the performance chart with one or 
more parameters are changed. 
4. Conclusions 
To investigate the performance of MUACs, a novel performance chart analysis method was developed. 
Based on simulation and experimental results, the performance charts of IDU and ODU were obtained, in 
addition, the performance chart of the entire MUAC by superimposing that of all IDUs and ODUs was 
obtained. The differences of cooling capacities at 30 conditions are within ±3.0% compared with those by 
the detailed simulation model and experimental data. Using performance charts, the characteristics of 
MUACs were analyzed in cases of varying indoor air temperatures. The results showed that performance 
chart analysis method can predict the reasonable trends of the performance of MUACs and the coupling 
characteristics of multiple factors, which can not only guide the system optimization, but also serve as an 
effective and convenient tool for performance analysis of MUACs.  
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